Pediat. Res. 10: 779-782 (1976) Carbonic anhydrase hyaline m e m b r a n e disease 
Forty-two pregnant New Zealand albino rabbits from 24 to 30 days of gestation were used for this study. The does were mated with two bucks within a 2-hour period and this time was considered to be day 0 of gestation. The rabbits were then removed and kept in separate cages for the duration of the experiment. On the appropriate day, a laparotomy was performed on the adults through a.midline incision. The fetal abdomen was identified by palpation and an injection of either 0.2 ml 0.9% saline or 2.5 mg hydrocortisone succinate in 0.2 ml saline was made intraperitoneally through the intact uterine wall. The abdominal incision was closed and 24 or 48 hr later, the rabbits were killed by an overdose of sodium pentobarbital. The fetuses were removed from the uterus and the fetal blood collected by decapitation into heparinized tubes. Fetuses from nonoperated pregnant does served as controls.
For the in vitro study, 1 ml heparinized whole blood was incubated in 10 ml 0.9% saline with 100 mg glucose at 37'. Hydrocortisone succinate (50 Fg) was added and CA activity was measured after 2, 4, 6, and 8 hr and compared with control blood incubated for the same period of time without the addition of hydrocortisone.
For both the in vivo and in vitro studies the heparinized blood was centrifuged, the serum was discarded, and the erythrocytes were washed three times with cold 0.9% saline. The cells were then frozen and thawed to cause hemolysis. The hemolysate which remained was diluted appropriately and hemoglobin determination was performed according to the method of stadie (17) .
Carbonic anhydrase activity was measured according to a modification of the method of Roughton and Booth (14) as described in detail by Logan et al. (10) . The principle of this method is a pH-dependent color change as carbon dioxide is hydrated to bicarbonate and hydrogen ions in the presence of Verona1 buffer and an indicator, phenol red. All enzyme activities were measured on ice in a cold room to ensure a cocstant temperature. Dilutions of the initial hemolysate were made to keep the reaction times for the catalyzed reactions between 30 and 60 sec. Enzyme activity was calculated in the following manner
where T I = time for uncatalyzed reaction; T2 = time for catalyzed reaction; F = dilution of initial hemolysate. One enzyme unit was considered to be that amount of enzyme required to reduce the reaction time of the uncatalyzed reaction by one-half. The Student t-test was used for all statistical comparisons. (TABLE I ) Mean hemoglobin (Hb) concentration decreased with advancing gestation in the noninjected control fetuses (Fig. 1) . At 26 days gestation the Hb concentration (mean * SE) was 19.04 * 1.99 g/100 ml and by 29 and 30 days bf gestation the Hb had fallen to 15.46 0.58 g/100 ml and 15.65 * 0.75 g/100 ml, respectively.
R E S U L T S HEMOGLOBIN CONCENTRATION
The Hb concentration found in the fetuses from 26 to 28 days of gestation was not significantly different between the noninjected and saline-injected controls. However, saline injected was associated with a significant elevation in Hb concentration at 24 hr on days 29 and 30 when compared with the noninjected controls. At RUSSELL, LOESEBRINK, AND CHERNICK 24 hr steroid-injected fetuses had significantly lower H b concentrations than saline-injected fetuses at 26 to 28 days of gestation ( P < 0.001). Steroid injection was associated with a similar increase in H b concentration as saline injection on day 29 but was increased only at 48 hr on day 30. At 48 hr after injection H b concentration was the same as noninjected controls in both saline and steroidinjected fetuses from 26 to 29 days of gestation but remained elevated on day 30.
CA ACTIVITY (TABLE 2) CA activity increased significantly with gestational age in noninjected controls, the major change occurring between days 26 and 27 ( P < 0.001) (Fig. 2) . At both 24 and 48 hr saline injection was associated with a marked increase in CA activity when compared with nonoperated controls in fetuses of 26, 27 and 28 days of gestation. There was no significant change in CA activity at 24 hr in the saline-injected fetuses on days 29 and 30 but by 48 hr CA activity was significantly elevated.
Steroid-injected fetuses had a marked increase in C A activity at 24 hr, ranging from 2-to 7-fold, at all gestational ages ( P < 0.001). The greatest response was seen at 24 hr and CA activity had fallen considerably by 48 hr. However, CA activity still remained above that of noninjected controls at days 26 through 29 ( P < 0.001). At 30 days, however, CA activity in the 48-hr, steroid-injected fetuses was not significantly different from that of the noninjected controls.
Incubating fetal red cells in the presence of 50 ~g hydrocortisone was associated with a significant increase in CA activity at 2, 4, and 8 hr but not at 6 hr when compared with controls ( Fig. 3) . Interestingly, the control incubations also had a significant increase in CA activity with increasing incubation time and we have no explanation for this phenomenon.
DISCUSSION
We measured hemoglobin concentration in each of the samples in order to express CA activity per g Hb. Steroid injection caused a significant drop in H b concentration 24 hr after injection on days 26, 27, and 28. Since saline injection was not associated with this effect, the drop in H b may be explained by the known mineral-corticoid activity of hydrocortisone resulting in hemodilution which is not evident by 48 hr. W e cannot adequately explain the elevation in H b concentration at 24 hr on day 29 and at 48 hr on day 30 in both saline-and steroid-injected fetuses. Shift of fluid into the peritoneal cavity resulting in hemoconcentration is unlikely since one would have expected a more profound effect in smaller fetuses at 26 to 28 days which were injected with saline. Despite changes in H b concentration the estimation of CA activity remains valid since activity was expressed per g Hb. That the enhancement of CA activity in vivo by steroid was not an artifact was supported by the finding of a similar effect in vitro.
In agreement with previous investigations on human and primate erythrocytes, carbonic anhydrase activity had a tendency to increase as gestation proceeded (6, 8). The major increase occurred between days 26 and 27.
At every gestational age studied the level of carbonic anhydrase activity was greater in the saline-injected animals than in the noninjected controls. We have found previously that saline injection was associated with changes in lung enzyme systems in the fetal rabbit (15) . It is suggested that either the stress of the operative procedure or the injection per se could cause an increased production of endogenous cortisone, thereby affecting CA activity; this supports the notion that we studied a physiologic rather than a pharmacologic effect of steroid.
Fetal injection of 2.5 mg hydrocortisone was associated with a marked increase in CA activity at 24 hr at all gestational ages studied. CA ' n: number of fetuses.
Significantly different from saline-injected fetuses. Significantly different from control fetuses. intimately involved with adrenocortical hormone activity but the Injection of hydrocortisone into premature rabbit fetuses (days mechanism remained unclear.
H Y D R O C O R T I S O N E -E N H A N C E D C A R B O N I C A N H Y D R A S E ACTIVITY
26, 27, 28, and 29) is associated with enhanced erythrocyte C A ~~~~~i and ~i~~~~~~ (13) have shown that bovine erythrocyte activity for at least 48 hr. O n day 30 this enhancement lasted only carbonic anhydrase could be activated in in the presence of 24 hr. A similar effect of steroids on C A activity was demonstrated and ~~2 -by a cyclic AMP-dependent protein kinase, in vitro. It is suggested that the mechanism of enhancement of C A Carbonic anhydrase was phosphorylated by the protein kinase and activity may be related to activation of a cyclic AMP-dependent its reaction was cyclic A M P dependent, is therefore possible that protein kinase. It is tempting to speculate that the low C A activity g~ucocorticoi~ enhances fetal erythrocyte CA activity by increas-in the cord blood of infants with H M D reflects lack of steroid ing cyclic AMP, thereby activating protein kinase. H~~~~~~, the activation of a number of fetal enzyme systems, including those precise mechanism of enhanced fetal C A activity by steroid in the necessary for surfactant 'ynthesis. present study remains unknown. A study of the relationship be-REFERENCES AND NOTES tween fetal erythrocyte cyclic A M P concentration and C A activity in response to glucocorticoid would be of interest. the same gestational age without H M D (7, 8, 16 
Extract
Spectrophotometric characteristics of bilirubin at low concentrations (0.0052.500 mg/100 ml) have been studied under various physical conditions in order to gain a better understanding of the state of bilirubin when preparing "solutions" for laboratory use. Standing, minimal shaking, or stirring of the bilirubin preparations at pH 7.4 progressively reduced and altered the maximal spectral absorption of bilirubin (440 nm) in aqueous buffered media. The shift to 415-420 nm is attributed to oxidation of the pigment whereas shoulder formation is attributed to the formation of large size particles (flocculants). In the presence of antioxidants (L-ascorbic acid and nitrogen gas) and EDTA the maximal absorption peak remained at 440 nm but decreased in magnitude concomitant with development of a progressively increasing shoulder at 48&560 nm. In the absence of antioxidants and EDTA maximal absorption shifted to 415-420 nm and the magnitude of 480-560 nm shoulder formation was less. At the higher concentrations of bilirubin and with reduction in pH of the buffer in the absence of antioxidants, the shift to lower wave lengths was reduced and 480-560 nm shoulder formation was increased. In the absence of antioxidants and EDTA at the lower concentrations of bilirubin and in more alkaline media, the reduction at 440 nm and the shift of maximal absorption to the shorter wave lengths was enhanced. At pH 12, stirring of antioxidant-EDTA-containing solutions of bilirubin resulted in neither a shift of maximal absorption to the shorter wave lengths nor the formation of 480-560 nm shoulder. The formation of 480-560 nm shoulder was accompanied by the visual appearance of turbidity. The formation of flocculants when a "solution" is agitated indicate?
Printed rn U.S.A. that significant portions of the pigment were in fact, not in solution and must have existed previously as a finely dispersed colloidal sol or supersaturated solution which progressed to a colloidal sol.
Spectral curves of bilirubin, therefore, may represent a composite resulting from four physical states of bilirubin: ( 1 ) bilirubin truly in solution with the spectral peak at 440 nm; ( 2 ) bilirubin in the fine colloidal dispersion with spectral characteristics similar to those of bilirubin in solution; (3) bilirubin flocculant giving 480-560 nm shoulder; and (4) oxidation products of bilirubin with the spectral peaks lower than 440 nm.
Increasing the pH of the aqueous media containing bilirubin (0.05 mg/100 ml) from 7.4 to 12.0 increased the molar extinction coefficient of bilirubin, E' , : ; progressively to a maximum at pH 12 of 6.35 x lo4. Very dilute bilirubin preparations (0.005 0.050 mg/100 ml) in aqueous media, pH 7.4, exhibited spectral evidence of rapid oxidation (more so at higher pH), but spectral shoulder formation was still observed after mechanical agitation.
Thus, the solubility of bilirubin in 0.1 M phosphate buffer at pH 7.4 appears to be less than 0.005 mg/100 ml.
Speculation
Unbound bilirubin in vivo, at concentrations exceeding albumin binding capacity and its aqueous solubility, is believed to exist either as a colloidal sol (micropolymer) or a flocculant (macropolymer). It is proposed that it is in the colloidal sol form (micropolymer) that bilirubin toxicity to brain, kidney, intestinal mucosa, erythrocyte, and other organs initially develops by a process of colloid to surface interaction.
